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ABSTRACT 


YBa2Cu20 x superconducting compounds have been 
prepared under different atmospheric conditions and 
cooling rates. The oxygen content (x) has been determined 
by weight measurements before and after heat treatment of 
the samples. 

The XRD patterns were used to calculate the lattice 
of various samples. 

constants/ The major XRD peaks in orthorhombic and tetra- 
gonal phases have been used to determine the relative amounts 
of the two phases, the orthogonal and the tetragonal 
phase. The results of the weight loss measurements and 
intensity ratio are by and large consistent. 

The various superconducting properties such as 
resistivity and critical temperature T c have been investigated 
as a function of temperature, oxygen content and intensity 
ratio. It has been found that the resistivity increases 
with decreasing oxygen content and the quenched samples showing 
very less oxygen content show a distinct semiconducting 
behaviour, while those having higher oxygen content show 
metallic behaviour. A good coorelation between the oxygen 
content (or deficiency) , intensity ratio, resistivity, 
lattice parameters and critical temperatures was evident. 


lyiti) 


The dielectric constant measurements done on 


tetragonal quenched phase strongly contradict the 
previously published data. Our results further demons- 
trate that dielectric constant measurements can be extremely 
difficult to reproduce if the samples are quite conducting 
as the quenched tetragonal phase. 


CHAPTER - 1 


INTRODUCTION 


The superconductive state is an outstanding example 
of a quantum state of macroscopic size. This was ori- 
ginally deduced indirectly from the evidence available 
especially through the work of London (1,2) in the 
1930's. It was confirmed directly in 1961 when the 
quantization of the flux in a ring carrying a persistent 
current was observed. 

The history of superconductivity commenced in 1911 

at Leyden, Netherlands. Kammerling Onnes first developed 
the cryogenic techniques to cool samples to a few degrees 
above the absolute zero. He was the first to have success- 
fully liquified helium and thereby opened the door for 
study of low temperature physics. 

After liquifying the He, Kammerling Onnes (3,4) 
started the investigation of the electrical conductivity 
of metals at the new low temperature below 4.2°K. To 
reduce the resistance caused by impurities, he studied 
mercury of high purity and was not surprised when he 
found no measurable resistance. However, it soon became 
clear that the experiment was not in accord with the 
expectation. The addition of impurities to the mercury 
did not increase its resistance. Furthermore, the resistance 


did not decrease smoothly to zero but dropped almost dis- 
continuously to zero within a temperature range of 0.01°K 
at about 4°K. By 1913 he had concluded that "mercury 

has passed into a new state which# on account of its 
remarkable electrical properties# may be called the 
superconductive state". The temperature at which the 
transition takes place is the critical (or transition) 
temperature and is denoted by T c (Fig. 1.1) . 

1.1 THE WAY TO THE HIGH TEMPERATURE SUPERCONDUCTIVITY : 

Soon after the discovery of superconductivity in 
Hg by Onnes# considerable effort was made by both theorists 
and experimentalists# to understand this new phenomenon. i n 
this process# a large number of metals and alloys were 
found to exhibit the superconductivity and also there 
was a rise in critical temperatures (T c ) with the passage 
of time; the progress was however slow but regular (Fig. 1.2). 
In 1973# it was possible to reach a critical temperature 
of 23.3°K (5) for an alloy of niobium and germanium 
(Mb^Ue) . Thirteen years later# physicists were still 
at the same point and many of them were convinced that the 
battle should have been given up long before. For all that# 
superconductivity found numerous applications# such as in 
the development of liquid helium cryogenics# particularly 
for making electromagnets used in particle physics and 
medical imagery. 
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The first tangible instance of possible high temper- 
ature superconductivity was discovered in January 1986, at 
an IBM research laboratory at Zurich. While cooling a 
sample of an oxide of copper, barium and lanthanum, Bendroz 
(6) noticed that electrical resistance of the sample began 
decreasing rapidly with temperatures, i.e. at a temperature 
of about twenty degrees Kelvin. On altering the concen- 
tration of barium he observed the commencement of the decrease 

. . o 

m resistivity at temperatures of 30 K. 

Till 1986, a very small number of superconducting oxides 
were known. For example in the 1960s, it was shown that 
reduced SrTiO^ had a very low transition temperature of 
0.3°K (7). Subsequent research facilitated the task of 

o 

raising the critical temperature to 0.8 K, after having doped 
it with a compound of niobium (8). This turned out to be 
something new, an "exotic" superconductivity of sorts. But 
interests were limited on account of the low transition 
temperature involved. 

.About ten years later, Johnston and his colleagues 

obtained a very significant result with an oxide of titanium 

o 

and lithium (Li-Ti-0), at a critical temperature of 13.7 K 

(9). Then in 1975, Sleight and his collaborators (10) 

o 

observed a transition temperature of 13 K in a compound of 
mixed valency, this was a compound of barium doped with 
bismuth BaPb^^Bi^O^. 
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In studying the properties of superconducting oxides _ 

in greater details #many groups arrived at the same result# 

conceiving the essential characteristics of these compounds# 

that is the low concentration of electrons carrying electric 

2 0 3 

current. The figures were 2x10 /cm in strontium titanate 
(11) and 2 to 4xl0~ /cm in a compound like Ba-Pb-*3i-0 (12); 
these figures were an order of magnitude lower than those 
for metals. That this was the key to the argument was 
deduced by a sufficiently intuitive argument on the "BCS" 
theory of superconductivity. 

The BCS theory was formulated in 1957 by Barden# Cooper 1 
and Schrieffer (13). The theory describes how superconduct: 
electrons assemble to form pairs and regroup in the same 
quantum states. In an ordinary conductor# the electric 
current is carried by "individual" electrons# each electrons 
having its proper path. Each electron is therefore subjects 
to a large number of collisions and loses some of its energ 
in the process. Two bound electrons# on the other hand, 
cons ti tut e a quantum object of a different nature. Contrary 

I 

to individual electrons# electron pairs can be found in the 
same quantum state# forming a macroscopic quantum wave. ; 

The circulation of electric current is effected by the j 

movement of an ensemble of paired electrons# without the | 

! 

individual dissipation of energy or encountering electric : 
resistance. The BCS theory for the first time provided j 
a quantitative description of this phenomena. 




In their theory, the formation of pairs is explained 
in terms of the existence of a certain type of indirect 
interaction between electrons. This interaction is attractive 
and opposes the Coulomb force of repulsion between electrons. 
This was due to the positive ions of the crystal reacting to 
the passage of electrons in their neighbourhood. During its 
passage, a conduction electron gives rise to a local defor- 
mation in the crystal lattice on account of its attraction fox 
cations. This deformation takes the form of lattice vibra- 
tions that can interact with a second electron. The net 
result of this process is that it gives rise to an attraction 
between two electrons that find themselves paired via the 
lattice. In terms of field theory, we say that the interactic 
of a couple of electrons is mediated by the phonons. The 
pairs of electrons so formed are called "Cooper pairs". 

The electron-phonon-electron interaction produces a 
modification in the spectrum of the energy of electrons. 

We know that in the case of a solid, the energy states 
available to electrons are grouped in successive bands. The 
level upto which the electrons are filled is called the 
Fermi level and the corresponding energy as the Fermi 
energy, E . The BCS theory predicts, that in superconductors,; 
at the energy E^,, there is a gap separating the ground 
state of the system of paired electrons, from the excited 
states occupied by unpaired normal electrons. The width of 


1 



the band corresponds to the energy required to break a 
pair. This width is a function of temperature, being 
maximum at zero and zero at T = T . In case of ordinary 

_3 

superconductors the value of A is of the order of 10 to 
-4 

10 Ep. In some cases, superconductivity is manifested in 
the absence of the gap. 

Within the framework of the BCS model, the criteria 
for the appearance of superconductivity is that the transition 
temperacure T^ is proportional to exp[-l/N(Ep) v], where 

Q D is the Debye frequency N(Ep) is the density of electronic 
states per unit energy at the threshold Fermi energy, and 
V is the intensity of electron-phonon coupling. Nov; for 
the oxide superconductors discovered in 19 60s and 1970s # ‘to 
obtain a transition temperature of the order of 13°K,with 

a density of states that is one or two orders of magnitude 
lower than that of metals, it is necessary that the intensity 
of the electron-phonon coupling be much higher since the 
product of the two quantities N(Ep)V appears in the formula. 
Since intermetal lie compounds did not produce any spectacular 
results, the oxide superconductors naturally became one of 
the important areas for research in superconductors. 

Bendroz and Muller (1983) started their first investi- 
gations on Ni-compounds at the IBM research laboratory at 
Zurich. Inspired by some good results, they soon turned 
their attention to Cu-compounds . They came to know from 
a publication of Michel et al. (14) that an oxide of 


copper viz. exhibits the required mixed valency with the 

general formula Ba^La^^Cu^O^ ^ j . Since barium is 

2+ 3 + 

divalent (Ba ), lanthanum trivalent (La ) and all the 

2 + 

charges are in equilibrium with those of oxygen (0 ), 

2 4. 3 4. 

copper is found in mixed valency state Cu /Cu . In 
addition the degree of the mixed valency is controlled by 
the value of x that indicates the concentration of barium 
in the compound. Bendroz and Muller (6) used the method of 
coprecipitation to synthesize this compound. 


Towards the beginning of January 1186, they had measured 
the resistivity of these samples as a function of temperature. 
They observed that the resistivity first decreases linearly 
like that of a metal, then stabilizes to decrease again, 
before falling rapidly by orders of magnitude as the temper- 
ature approaches zero in certain case. This was the first 
manifestation of superconductivity. 


X-ray diffraction analysis revealed that the resultant 
material is a multiphase compound. The first one was copper 
oxide GuO, which is an insulator. The second one was 


Ba„La r ..Cu^O,. /„ , which is metallic and the third phase 


5 5 (3-y) ' 


was Ba^La- , GuO, .This contained a small proportion of 


barium and its structure K^NiF^ consisted of layers of ! 
octahedral perovskites of CuOg and oxygen defects alternating f 
with layer of LaO. It was this phase that was superconducting^ 
as was confirmed by subsequent measurement of superconducti- > 
vitv. The observed transition temperature was close to ■ 



Chu and his collaborators (15) at the University of 
Housten, were interested in the effect of pressure on 
barium compounds. By applying hydrostatic pressure they 
succeeded in raising the transition temperature to 
52°K. This oriented the efforts of researchers towards 
the reproduction of the results by using internal press- 
ure, that is /by changing the nature of the ions. In 
collaboration with Wu's group at the University of 

Alabama Huntsville, Chu found that on replacing lanthanum 
by yttrium they successfully achieved a T c of 92°K in a 
multiphase Y-Ba-Cu-0 system (16). In a short time, many 
groups obtained comparable results and were able to isolate 
the superconducting phase ,Y^Ba 2 Cu 20 ^__^ . 

Michel et al (17) first reported occurrence of super- 
conductivity in a new system namely, Bi-Sr-Cu-0 with 
T-. ~ 20°K. However, Maeda and his colleagues (18) at 
National Research Institute for Metals (NIRM) recently 
reported a new superconducting material with T c possibly 
as high as 120°K in the Bi-Ca-Sr-Cu-0 system, although 
the material prepared seemed to be multi phasic. Another 
new member was added to the copper oxide-based super- 
conductors when Shen and Hemen (19) reported a new super- 
conducting compound Tl-Ca-Ba-Cu-0 with ~ 120°K. 

At present a large number of scientists and techno- 
logists around the world are engaged in the development 
of new high T c superconducting materials, as there is a 
great deal of expectation that superconductors with T c at 



or near room temperature will be found out many of 
existing technologies will be revolutionized. 


1.2 SOME FUNDAMENTAL PROPERTIES OF SUPERCONDUCTORS: 

1.2.1 Meissner Effect 

Although the infinite conductivity or zero resistivity 
is most obviously the true nature of superconducting 

state, this state appears more clearly in its magnetic 
effect. Consider a normal metal in a uniform magnetic 
field. When the sample is cooled and becomes superconducting, 
Meissner and Ochsenfeld first demonstrated that all magnetic 
flux is expelled from the interior (Fig. 1.3a). 


The magnetization curve expected for a superconductor 
under the conditions of Meissner-Ochsenf eld experiment is 
sketched in Fig. 1.3(b). This applies quantitatively to a 
specimen in the form of a long solid cylinder placed in 
a longitudinal magnetic field. Pure specimen of many 
materials exhibiting. This behaviour, are called 
"Type I" superconductors or formally soft superconductors. 
The values of critical magnetic field (H ) that destroys 
superconductivity are always too low for type I super- 
conductors to have any useful technical application in coil 
for superconducting magnets. 


A second type of superconducing materials exhibits 
magnetization curve as form in Fig. 1.3(b) is known as 

, . i, 

type II or hard superconductors. They are either alloy^or 
transition metals with high values of electrical resis tivity 
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in normal state i.e.mean free path X is short. Newly disco- 
vered high T c oxide superconductors also fall in this class. 
Type II superconductors have superconducting electrical 

properties upto a field denoted by H . Between the lower 

c 2 

critical field H and upper critical field H the flux 

C 1 C 2 

density B ^ 0 and the Meissner effect is said to be incomplete. 
The region between H and H the superconductor is threaded 

Cm* M W 

1 2 

by flux lines and is said to be vortex. Owing to their high 

H , type II superconductors are used in the commercial 
2 

solenoids. 

1.2.2 Critical Field 

The Meissner effect occurs only for sufficiently low 
magnetic fields. For simplicity we consider a long cylinder 
of pure superconductor in a parallel applied magnetic field 
H, where there are no demagnetizing effect. If the sample is 
superconducting at temperature T in new field, there is a 
unique critical field H (T) above which the sample becomes 
normal. This transition is reversible for superconductivity 

reappears as soon as H is reduced below H C (T) (Fig. 1.4). 
Experiments on pure superconductors shows that 

H c (T) = H (0)[1 - (-|-)f 

C c 

1.2.3 Persistent Currents and Flux Quanization 
Consider a normal metallic ring placed in a magnetic 

field perpendicular to its planes (Fig. 1.5). When the 
temperature is lowered, the metal becomes superconducting 


J3 


and expels the flux. Suppose the external field is then 
removed no flux can pass through the superconducting metal 
and the total trapped-flux must remain constant being 
maintained by the circulating supercurrent itself. Such 
persistent current have been observed over long periods. 
Furthermore the flux trapped in sufficiently thick rings 
is quantized units of 

= 2.07x10”^ gauss, cra^ 

known as fluxoid. 

1.2.4 Specific Heat and Energy Gap 

In addition to its magnetic behavior, a typical super- 
conductor also has distinctive thermal properties. For 
zero applied field the transition is second order, which 
implies a discontinuous specific heat but no latent heat. 

The electronic specific heat C n in normal state varies 
linearly with temperature. In superconducting state however, 
the specific heat C s initially exceeds C n for T c T c# but 
then drops below C n and vanishes exponentially as T -* O 
(Fig. 1.6) 

C s oc exp ( — — — ) 

This dependence indicates the existence of a gap in the 
energy spectrum separating the excited states from the 
ground state of an energy A . For most superconducting 
elements A is somewhat less than 2 k T . 
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1.2.5 Isotope Effect 


A distinctive property of superconductors is of the 
isotope effect. Careful studies of isotopically pure 
samples showed that the ionic lattice plays an important 
role in superconductivity, and the transition temperature 
varies typically with ionic mass 


T oc m 
c 


- 1/2 


These results indicate the importance of the attractive 
electron-phonon interaction. 


1.2.6 The Josephs on Junction 

The junction is formed when two superconducting bodies 
are placed in electrical contact. In practice most commer- 
cial Josephson junctions have an extremely thin layer (a 
few atomic thickness) of an insulator (eg. Al^Og) between 
the two pieces of conductors. A current can be made to 
flow from one part of junction to the other, but if the 
current suddenly exceeds the critical value of the super- 
conducting transition, a high resistance state is produced. 
These junctions switch very fast (within one picosecond) and 
could soon replace the transistors in computer. 

- -3 APPLICATIONS 

- 1 Applications Using the Property of Zero Resistance 
- A low Loss Power Transmission 

One of the major losses in low voltage power 
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transmission is the Joules loss i.e. loss due to resistive 
heating. Superconductors have zero resistance and so an 
electric current will flow through a superconducting wires 
without generating any heat. Thus there will be no resis- 
tive heating and hence no energy is lost in ideal condition# 
thus a lot of energy can be saved. 

1.3.1. B Powerful Magnets 

Huge powerful magnets can be made from large coils 
of superconducting wires. The advantage of using super- 
conducting wires is that a large amount of current can be 
sent through it without any loss due to heating# thus 
generating large magnetic fields. With the discovery of high 
T c superconductors the manufacturing cost of superconducting 
magnets has reduced considerable as LN2 is about 1000 times 
cheaper than liquid He. 

1.3.1. C Radio Antennae for very Low Frequency Signal 

Electrical resistance in normal radio aerials makes 
it difficult co receive very low frequency signals. The 
only way# we can receive this signal is by using very large 
radio dishes and miles and miles of wires of aerials. Aerials 
and antennae made from superconducting materials will be much 
smaller. 

It will be much easier for submarines to communicate 
with their shore bases. Radio astronomers will be able to 


n 



use smaller and cheaper radio telescopes. 

1.3.1. D Energy Storage 

Because there is no electrical resistance in a 
superconducting wire or ring, an electrical current can 
be made to travel around a closed electrical circuit or 
ring indefinitely. So atleast theoretically one can store 
energy in form of electrical energy in superconducting 

rings • 

1.3.2 Applications Using Josephson Junctions 

1 . 3 . 2 . A SQUIDS 

Josephson junctions are used in "SQUIDS" (super- 
conducting quantum interference devices) in high speed 
logic switches, analog digital convertors# and voltage 
standards. SQUIDS can be used to detect minute changes 
in magnetic fields and so potential applications are in 
security# prospecting, for minerals and oils, imaging atomic 
structures # monitoring corrosion and the measurement of 
magnetic pulses generated by the human brain or heart. 

Josephson junctions are likely to replace transistor 
in new computers. It is predicted that by using new 
superconducting components the speed of the future 
supercomputer will be in excess of 1000 millions instruction 

per second (MIPS) compared with 50 MIPs of today's super- 
computers. 
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1.3.3 Applications using Meissner Effect 

The Meissner effect or the property of perfect 
diamagnetism also has various application The most 
interesting one is that it will find extensive use 

in daily life. For example leviating trains can be 

made which owing to their low friction will move faster 
with lower fuel consumption. Actually most of the fuel 
in trains or in any other vehicles are consumed in over- 
coming friction. So once leviating vehicles become feasible 
there will be little friction and hence enormous amount of 
fuel can be saved. Frictionless bearing etc. can also be 
made using superconductors. 


1.4 HIGH T SUPERCONDUCTORS : A BRIEF REVIEW 
c 

Superconductivity in metal oxides has been known 
for some time. SrTiO^ when reduced or doped with Nb shows 
superconductivity at 0.2°K (8) . BaPb. Bi 0_ with a perovs- 

JL ""IK. jC *3 

kite structure becomes a superconducting (20) for 0.05 <_ x <0. 
with T c in the range 9 °k- 13°K. The phenomenon of high tem- 
perature superconductivity was first reported by Bednorz 
and Muller (6) in a CuO— based system, viz., Lag^Ba^^Cu^O^ (^-y) 
On cooling, the resistivity P ) of the samples with x < 1.0 
initially decreases and then rises prior to sharp drop start- 
ing at temperatures as high as 35°K. For some samples, a 
zero resistance state was achieved below 12°K, although 
all were multiphasic system. 
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Chti et al (15) reported that under pressure T 

increases from 32°K to 40.2°K at 13 K bar at a rate of 
—3 —1 

0.9x10 K bar • It was then found (21) that pressure 

could enhance the T 1 of La-Ba-Cu— 0 system at a rate 

greater than 10 bar“^ to a value of 57°K. Wu et al (16) 

subsequently reported superconductivity at temperatures 

above the boiling point of LN . namely at 93°K. in a new 

mixed phase Y-Ba-Cu-0 compound system at ambient pressure. 

One noteworthy feature of this system was that pressure 

had only a slight effect on T c in strong contrast to 

La-Ba-Cu— O and La-Sr-Cu-0 system (7) . This may be 

due to chemical pressure associated with the smaller Y atoms 

already present in Y-Ba-Cu-0 system. Cava et al (22) 

prepared and identified, a single phase . responsible 

for high temperature superconductivity in the chemical 

system Y-Ba-Cu— 0-6 it has an orthorhombic distorted. 

oxygen deficient perovskite structure of stoichiometry 

YjBa 2 Cu 20 g>>i>l 5 (6 < 2.1). Samples exhibit zero resistance 

at 91°K. All the observed x-ray diffraction peaks can be 

accounted for by a crystallographic unit cell of a =,3.822 2. 
o o 

b = 3.891 A, c = 11.677 A. Immediately, after the discovery 
of superconductivity at temperatures above the boiling 
point of LN2. a massive effort all over the world is being 
made to develop materials with higher T c . One of the 
favourite means to achieve this end appears to substitute 
Y. Ba and even Cu by other elements. Table 1.1 gives a 
summary of various such systems and their transition 
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temperatures 


While the work on Y-Ba-Cu— 0 was in full swing/ 

Michel et al (17) reported occurrence of superconductivity 

in a new system, i.e. Bi-Si~Cu— 0, with T 20°K. However, 

c 

Maeda and coworkers (13) recently reported a new super- 
conductor with T c possibly as high as 120°K in the Bi— Ca- 
Sr-Cu-0 system/ although the material prepared seemed to 
be multicomponent. Resistivity measurements show two step 
transition at 110°K and 75°K in the Bi-Ca-Sr-Cu-0 systems. 
The lower transition was found to be rather insensitive 
to the composition/ while the higher T c was not observed 
after prolonged annealing below 800 °c. 

Shen et al (19) recently added a new member to the 
new class of high T_, superconductors, namely Tl-Ca-Ba-Cu— 0 
with T c as high as 120°K, and it is expected that many more 
will be discovered in near future. 

1.5 STATEMENT OF THE PROBLEM 

The discovery of a new class of oxide-based super- 
conductors with T c above the boiling point of LN2 temper- 
ature was no doubt a great mile -stone in the history of 
superconductivity which indeed made this field accessible 
to even nonspecialists. The YBa2Cu20^_5 compound appears 
to be a very promising system. In general it contains 
two phases: (i) superconducting orthorhombic phase and 
(ii) semiconducting tetragonal phase. The critical temper- 
ature and other superconducting properties depend on the 


ratio of orthorhombic and tetragonal phases present 
in a particular sample. 

The aim of this project was to synthesize the 
YBa2Cu20^_£ or popularly called "123" compound under 
different preparational conditions,' and examine the 
resulting materials for their structural and electrical 
properties. In particular various samples of YBa 2 CUgO,^_£ 
have been prepared at a fixed sintering temperature of 
~ 940°C under different atmosphere (air/oxygen) and at 
different cooling rate. All samples have been examined 
by x-ray diffraction analysis. Weight loss measurement 
has been used to calculate the "average" oxygen content 
of the samples. The analysis of the major XRD peaks 
at 2© ~ 32.4° and 32.7° has been used to estimate the 
relative concentration of Drtho and tetragonal phases and 
attempt has been made to correlate this with the super- 
conducting properties (resistivity and T ) of the samples 
on one hand and the weight loss (oxygen content) on the 
other. 1 

The tetragonal phase present in YBa2Cu20^_5 
system exhibits semiconducting properties and its electric 
and dielectric properties may be of considerable interest. 
The resistivity of the tetragonal phase increases slowly ‘ 
as the temperature is decreases. It has been reported (3«) 

I 

to have unusually large value of static dielectric aonstant. 



Considerable effort was therefore made to measure the 
dielectric constant reliably and reproducibly* However 
owing to relatively high conductivity of the semiconducting 
tetragonal phase ( £ 1 Ohm cm) the dielectric constant 
measurement was not very successful and we suspect the 
earlier data may not be reliable and meaningful* 
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Table 1.1 


: Various High T c Superconducting Oxide 
Systems 


System T c 


Remarks 


References 


Y* Zr Ba~Cu„0» 

1— x x 2 3 9-y 

x = 0.6 

0.5 

85°K 

91°K 

0.1 < x £0.7 showed the 
presence of YBa^Cu^Og 

and barium zirconate 

T c decreases and amount 

0.25 

93°K 

of barium zirconate 
increases with increasing 

X. 

Y 1 -x Pr x B a 2 Cu 3 ° 7 _ 6 


T decreases with 
c 

x = 0 

92°K 

increasing x 

= 0.1 

88°K 


0.2 

80°K 


0.3 

70°K 


0.4 

55°K 


0.5 

35°K 


Y l-x Na Sc Ba 2 Cu 3°7-6 


T decreases with 
c 

increasing x 

x = 0 

90°K 


0.1 

89°K 

t 

0.2 

88°K 


0.3 

80°K 


0o4 

50°K 


0.5 

40°K 


' ABa 2 Cu 3°6+x 


T c does not changes much 

A = Y 

La 

98°K 

91°K 

on replacing Y by any 
other rare-earth elements 

Nd 

91°K 


Sm 

94°K 


Eu 

94°K 


Gd 

95°K 


HO 

Er 

93°K 

94°K 
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24 


25 





Table 1.-K Continued) 


System 


T 


c 


Remarks 


References 


A = Lu 91°K 

5 . YBa 2 Cu 3 _ x s n x 0 ? _ y 
with 

0 # 1 < x < 3.00 


6.YBa 2 £Cu 1 _ x M x ) 

3°7-y 

M = A1 


X 

II 

o 

t 

o 

84°K 

0.02 

70°K 

0.035 

55°K 

0.05 

50°K 

M = Mo 


O 

t 

O 

II 

X 

82°K 

0.02 

68°K 

0.035 

55°K 

0.05 

55°K 

M = Zn 


x = 0.01 

79°K 

0.02 

61°K 

0.035 

50°K 

0.05 

35°K 

0.075 

Semicondu 

0.01 

cting 


Electrical resistivity 26 

shows that the value 
of x=l is the critical 
value above which 
superconductivity dis- 
appears. The T c is al- 
most independent of 
x for x 1. The 
decrease in T c with 
increasing Sn concen- 
tration is quite abrupt; 

T c decreases only •"* 5°K 
as x varies from 0 to 
0.9. For x< 1.0 the sam- 
ples are metallic above 
T c . For all samples with 
x > 1 the T c < 4°K and 
exhibits semiconducting 
properties 

T c decreases# with 27 

increasing concentration 
of Al/Mo and Zn 
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Table 1.1 (Continued) 


System T Remarks References 


. Y Ba 2 

Cu 3 U-x) M 3x° 


Structure 

M 

X 



- 

0 

92°K 

Orthorhombic 

- 

0 

- 

Tetragonal 

Li 

0.051 

73°K 

Orthorhombic 

Li 

0.096 

46°K 

Orthorhombic 

Cr 

0.097 

86°K 

Orthorhombic 

Mn 

0.101 

92°K 

Orthorhombic 

Fe 

0.052 

90°K 

Tetragonal 

Fe 

0.101 

& 

o 

o 

in 

Tetragonal 

Co 

0.053 

a 

0 

CO 

r- 

Tetragonal 

Co 

0.1 

50°K 

Tetragonal 

Co 

0.150 


Tetragonal 

Ni 

0.147 

76°K 

Orthorhombic 

Ni 

0.095 

73 °K 

Orthorhombic 

Zn 

0.041 

40°K 

Orthorhombic 

Ag 

0.051 

92°K 

Orthorhombic 

Pt 

0.049 

92°K 

Orthorhombi 
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chapter - 2 


EXPERIMENTAL -DETAILS 


The present investigation was aimed to study the 
effect of oxygen content on various properties of 
Y^Ba 2 Cu 207_5 • The experimental efforts involved are: 

(i) Preparation of samples. 

(ii) Development of furnace for preparation of samples 
in desired atmospheres (air and oxygen) • 

(iii) Estimation of, oxygen content. 

(iv) Determination of lattice constants and to study the 
effect of oxygen content on them, using X-ray diffra- 
ction. 

(v) Design and fabrication of sample holders for 

(a) electrical resistivity measurement at room temper 
ature , 

(b) electrical resistance measurement between liquid 
nitrogen and room temperature, 

(c) dielectric constant measurement at any desired 
temperature • 

(vi) Measurement of electrical resistivity as a function 
of oxygen content and temperature. 

(vii ) Determination of dielectric constant. 
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2.1 SAMPLE PREPARATION: 

2.1.1 Description of Apparatus 

For sample preparation a furnace was locally designed an< 

/ 

developed in which the atmosphere could be controlled. 

The system (Fig. 2.1) consists of a furnace/ a temperature 
controller, thermocouples, quartz tube, rubber and steel 
tubes for passing 'oxygen, rubber corks and flowmeter. 

Kanthal wire of 2 mm diameter was wound uniformly 
at the rate of about 10 turns per inch on a mullite- tube 
(45 cm length, 4.8 cm internal diameter). The total resis- 
tance of the heating element was ~ 42 Ohms. A high temper- 
ature cement was applied directly over the windings to a 
thickness of about 1/4 inch and then allowed to dry at room 
temperatures for a few days. Later a small current was passed 
to further dry up the cement. 

The mullite tube wound with Kanthal wire was housed in 
a cylindrical aluminium constuxction which was open at both 
ends. The space between outer aluminium shell and central 
mullite tube was filled with MgO powder to minimise the heat 
loss • 

A quartz tube about 1 m in length was inserted in 
the furnace and the two open ends were sealed with rubber 
corks. Two Al-^Og bricks cut in the form of cylinders were 
kept inside near the ends of the quartz tube to protect 
the rubber corks from the heat of the furnace. 







Either Platinum— rhodium/Platinum or chromel— alumel 

thermocouple (depending upon the availability of controller) 

and a steel tube for the gas to flow-in were inserted 

through a pair of holes in the first cork* Another hole 

was 

in the other cork was made and a stainless steel tube/inser- 
ted to let the gas flow-out^" through a conical flask contain- 
ing water. The flow rate of oxygen was monitored by obser- 
ving the number of bubbles formed in the flask. The 
number of bubbles was kept 6-10 bubbles per minute. For 
heating the current was monitored so that heating rate never 
exceeds 5°C/minute. 

2.1.2 Preparation of Pellets 

High purity YjO-g, BaC0 3 anc ^ Cu0 wera used as starting 
materials. 

°f 99 . 99 % purity was obtained from Aldrich 
Chemicals (U.S.A.). Its physical properties are given 
in Table 2.1. 


Table 2.1 : Physical Properties of ^ 2^3 


Properties 

Values 

1. Molecular weight 

225.81 : 

2. Crystalline properties 

White powder 

3 . Specific gravity 

5.01 

4. Melting Point 

2410°C , 
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BaCO^ of 99.00% purity was obtained from Qualigens 
Fine Chemicals (India) • Physical properties of BaCO^ are 
given in Table 2.2. 


Table 2.2 : Physical Properties of BaCO^ 



Properties 

Values 

1. 

Molecular weight 

197.35 

2. 

Crystalline form 

White, hexagonal 

3. 

Specific gravity 

4.43 

4. 

Melting point 

1740°C 


Ultrapure (99.99%) CuO was obtained from Alpha 
Chemicals (U.S.A.). Some of the physical properties of 
CuO are given in Tahle 2.3 below: 

Table 2.3 : Physical Properties of CuO 


Properties 

Values 

1. Molecular weight 

79 ."54 

2. Crystalline properties 

Black powder# monoclinic 

3. Specific gravity 

6.30 - 6.49 

4. Melting point 

1326°C 








BaCO^ and CuO are taken in proper proportion 
and were intimately mixed in an agate mortar. The fine 
powdered mixture was then transferred to a die made from 
die steel as shown in Fig, 2,2, After levelling the pow- 
der by means of the die piston# the whole assembly was 

placed in a hand - operated hydraulic press. The pressure 

2 

used in all cases was 4 ton/cm • The piston diameter fixed 
the diameter of the pellets to about 1 cm while the thick- 
ness of the pellets usually varied between 0.25 cm and 0.35 cm. 
Thorough cleaning of the die with acetone before and after 
use ^■vras done as a standard practice. 

The pellet was then kept in a small platinum boat which 
in turn was kept in a bigger platinum boat. Weight of the 
smaller platinum boat with and without pellet was measured- 
using a Mettler AE-160 digital single-pan balance. The 
balance was usually given the desired warm up time of about 
1 hour for better stability. The bigger platinum boat 
carrying the small boat with the pellet was then inserted 
into the furnace. The temperature was raised to 900°C 
.in about 4-5 hours. The set point was found accurately by 

noting the thermo-emf of the thermocouple using a Keithley 

/ 

DMM 197. For completion of the solid state reaction the 
temperature was kept constant at ~ 900°C for 12 hrs. 
Depending upon preparation condition oxygen was passed.' 
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After that various types of cooling procedures were used. 
Details of cooling process will be described in Chapter 3. 
After cooling, the weight of the small boat with and without 
the pellet was registered once more. The oxygen content 
after solid state reaction was calculated from the weight 
loss. 

% 

The pellet was pulverised and pelletilised once 
more in a manner described earlier. The weight of the 
smaller platinum boat with and without sample was also 
taken again. The sample was then inserted into the furnace 
and the temperature was raised to 940 °C at the previous rate 
of 5°C/min. and kept there for 12 hours. Depending on 
the requirements oxygen gas was passed through out the 
sintering followed by cooling. The small platinum boat with 
and without pellet was again weighed. The oxygen content 
was calculated from it. Details of the calculations are 
given in Chapter 3. 


2.2 ESTIMATION OP OXYGEN CONTENT 

The basic principle used for estimation of oxygen 
content was to measure the weight loss accurately and then 
to calculate weight loss due to oxygen thus finding the _ 
oxygen content. Since the weight loss is very small (0.15 
to 0.17 gm approximately for solid state reaction and 0.002 
gm to 0.03 gm for sintering) depending upon the cooling 
condition, the accurate measurement can only be done if the 
difference of two small weights is taken. For this one 




small platinum boat has been constructed using a thin foil 
of weight about 0*8 gm* The weight of the pellet was about 
1.4 gm so that the overall weight was of the order of 2.2 gm* 
Weight of the small .boat with and without pellet was taken 
before and after each heat treatment* 

2*3 DETERMINATION OF STRUCTURE USING X-RAY DIFFRACTION (XRD) : 

X-ray diffraction (XRD) patterns of various samples 

were recorded using “Reich Seifert Iso-Debyefley 2002 Diffracto- 

o . 

meter". The radiation employed as Cd% (Xj= 1.5418 A). 

Specimens were made by fixing the pellets into a 
rectangular perspex sample holder using plasticine. 

The surface was levelled by pressing it with a glass slide 
over it. 

The XRD patterns were recorded in the 2© range of 20° 
to 70°. The operating conditions are given in Table 2.4. 

Table 2.4 : Operating Conditions of the Diffractometer 


1. 

Current 

20 mA 

2. 

Voltage 

30 kV 

3. 

Time constant 

10 sec 

4. 

Beam slit width 

2 mm 

5. 

Detector slit width 

0.3 mm- 

6. 

Scan speed 

1.2°/mm in 2© 

7.' 

Chart speed 

30 mm/min 

8. 

Full scale intensity 

200 counts/sec. 




Both superconducting orthorhombic and semiconducting 

tetragonal forms of YBa 2 Cu 3 0.- r _£ have prominent peaks near 
o o , 

2© = 32-33 which were recorded separately at a slower 

chart speed. The operational details for these recordings 
are listed in Table 2.5* 

Table 2.5 : Operating Conditions of the Diffractometer 

for Slow Recording of Major Peaks in 
YBa 2 Cu 3 0 ? _£near 2© = 322.33° 


1 . Current 

2 . Voltage 

3. Time constant 

4. Beam slit width 

5. Detector slit width 

6. Scan speed 

7. Chart speed 

8. Full scale intensity 


20 mA 
30 kV 
10 sec. 

2 mm 
0.3 mm 
0 ,3°/min 
30 mm/min. 

500 count s/min. 


From the XRD patterns, the crystal structure and 
the lattice constants were found out which are reported 
in Chapter 3 • 

2.4 MEASUREMENT OF RESISTIVITY AT ROOM TEMPERATURE: 

2.4.1 Sample Holder 

A standard four probe sample holder was made in 
which the probes are arranged in a square array. Fig. (2.3) 




S.S.RODS 
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DIGITAL NANO- 
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ELECTRODES 

TEFLON DISCS 


5AMPLE- 



ACTUAL POSITION OF 
ELECTRODES IN TEFLON 
DISC . l| , I 2 = 5mm 


FIG. 2-3 SCHEMATIC DIAGRAM FOR FOUR PROBE RESISTIVITY 
MEASURMENTS AT ROOM TEMPERATURE 


shows the schematic diagram of the sample holder. It 
essentially consists of two teflon discs, each of dia 
2.43 cm and thickness 1.60 cm,’ and a nylon cylinder, 
length = 4.746 cm, dia = 2.43 cm. All these discs were 
coaxially arranged as shown in Fig. 2.3 with the help 
of a pair of stainless steel rods which provides the 
necessary support. One of the discs has a flat surface 
on which rests the sample pellet, while the other teflon 
disc holds the four electrodes/probes as described below. 
Four through holes were drilled at the corners of a square 
on the lower face of the disc. A small cylinderical bush 
with threads on the inner surface was pushed through each 
of these four holes. Electrodes were made in the form of 
screws with pointed tips and were tightened in each of the 
four cylindrical bushes. The sample was kept over the 
upper flat face of the lower teflon disc and good electrical 
contacts were ensured by tightening the individual screw- 
type electrodes. The nylon cylinder was for fixing the 
samples holder with a laboratory stand. 

2.4.2 Resistivity Measurements 

Figure 2.3 shows the block diagram of the set up used 
for resistivity measurement. The voltage across a pair of 
probes was measured with a Keithley— 181 nanovoltmeter 
while a known current was passed through the other 
pair of probes by means of a precision current/voltage 
source (Knick model - West Germany) . 
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Before loading the samples for resistivity measurement, 
the flat surfaces of the cylindrical pellets were polished - 
on different grades of fine polishing papers to remove any 
surface contamination and also to obtain parallel and 
smooth surfaces. The sample was then fixed between the 
electrodes and lower teflon disc. Any of the two electrodes 
on the same side were selected as current terminals and 
the other two as voltage terminals. Depending upon 

the resistance of the sample, current often in the range of 
1 p,A to 1 mA was passed. The voltage developed was measured 
by the nanovoltmeter. The thickness of the sample was 
measured with the help of a slide callipers. From the thick- 
ness, current passed and the measured voltage, the resistivity 
of the sample was calculated. 

2.5 MEASUREMENT OF ELECTRICAL RESISTANCE BELOW ROOM 
TEMPERATURES 

2.5.1 Sample Holder 

A relatively simple sample holder was made for this 
purpose (See Fig. 2.4). It consists of a teflon disc 
(dia. 2.43 cm, thickness = 1.6 cm), a nylon cylinder 
(length = 4.746 cm, dia = 2.43 cm), and two stainless 
steel rods. Threads were cut in the stainless steel 
rods and nuts were used to hold the teflon discs and the 
nylon cylinder in their respective positions. This entire 
assembly can be enclosed in a quartz tube which can be 
^^acuated. The electrical levels for thermocouple, voltage 
current probes were taken out through holes in the 



(a) 



2-4 (a) BLOCK DIAGRAM (b) SAMPLE HOLDER FOR FOUR 
TERMINAL RESISTANCE MEASUREMENT AT LIOUID 
NITROGEN TEMPERATURE 





quartz tube and sealed subsequently by araldite* 

2.5.2 Experimental Setup and Measurements 

The experimental setup is shown schematically in 
Pig. (2.4) • The pellet was first polished with different 
grades of fine polishing papers and then cleaned properly 
with acetone. The four— terminal method was used for meas- 
urement of electrical resistance. Pour thin copper wires 
were connected with the sample, two on each side, with 
the help of silver paint. One from each side was taken 
as current terminals, and the remaining two as voltage 
terminals as shown in Fig. (2.4 ). 

Copper-constantan thermocouple was used for measuring 
the temperature. The reference junction was kept in an oil 
bath whose temperature was measured precisely (+ 0.1°C) 
using a thermometer. Two copper wires were taken from 
the reference junction to measure the thermo emf. of the ther 
mocouple • 

-2 —3 

The quartz tube was then evacuated to 10 - 10 

atmospheric pressure and was lowered in a deewar flask 
filled with liquid nitrogen. The flask was then properly 
sealed with cotton to minimize the rate of evaporation of 
LNj* Due to natural evaporation of LN ^ the temperature 
increased very slowly with time. Resistance at any temper- 
ature was calculated from the measured voltage corres- 
ponding to a certain value of the current passed through 
the sample. 





2.6 MEASUREMENT OF DIELECTRIC CONSTANT: 

2.6.1 Sample Holder 

The sample holder for measuring dielectric constant 
was specially equipped for recording measurements under 
vacuum. Vacuum is needed for working at low temperatures. 
Figure (2.5 ) shows the schematic diagram of the sample 

holder. It consists of an inner body which is -enclosed 
by a quartz tube and- can be evacuated. The inner body 
comprises of three identical Lava discs. Lava material 
can be machined easily, it can withstand both high and 
low temperatures and is a good electrical insulator. 

Each Lava disc has nine through holes. Eight holes are 
located symmetrically along the circumference and one is 
at the centre of the disc. At the centre of each Lava 
disc indentions were made so that the spring and the quartz 
tube can be fixed as shown in Fig. ( 2.5. Two stainless 
steel rods which provide mechanical support to the sample 
holder were inserted through two of the diametrically 
opposite holes. A third hole was used for inserting 
the thermocouple (Chromel-alumel for high temperatures 
and copper-constantan for low temperatures). The fourth 
hole was used for taking one of the silver leads 
brazed onto the lower stainless steel electrode. The 
other silver wire lead brazed to the upper stainless steel 
electrode, was passed through the quartz tube and spring* even 
tually carrying out of the central hole of the bakelite block 



Fuju-re 2/5X^5AMPL£ holder for, dielectric 
Constant measurements . 


Impedance Furnace & Sample Temp. Microvolt 

bridge holder ’ controller DMM 
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Constant measurements. 


The spring located outside the furnace exerts sufficient 
uniform pressure required for point to point contact 
between the electrodes and the sample. Various -types 
of electrodes, other than stainless steel discs were also 
used for better results. For example, gold was deposited 
on the sample, it was then covered with two platinum 
foils. The sample was finally placed between two stain- 
less steel electrodes. In some cases silver paint was also 
been used. 

After machining, the Lava disc were heated to 1000°C 
slowly and kept at that temperature for 2 hours inside a 
furnace before it was furnace cooled. This kind of heat 
treatment is necessary to harden the Lava disc and also to 
remove any moisture which might be present. The effect of 
the latter is to increase the resistivity of the Lava disc 
significantly. 

2.6.2 Measurements 

This work involved measurements of electrical 
resistance, capacitance, reactance, impedance and the 
phase angle © in the frequency range 5 Hz to, 13 MHz. 

For high temperature measurements, the sample was kept 
inside a furnace whose temperature was controlled using 
a temperature controller (Indotherm Model 401) . A Keithley 
microvolt DMM — 197 was used to measure the thermocouple 
voltage and hence the temperature. HP— 4192A LF impedance 
analyser was used for measuring various electrical parameters 



at different temperatures. This instrument has a wide 
frequency range of 5 Hz to 13 MHz. 

For low temperature measurements the same set up 
was dipped into a Dewar flash containing liquid nitrogen 
instead of the' furnace. The thermocouple was changed from 
chromel-alumel to copper-constantan. An oil bath was 
used as reference junction of the thermocouple. 

To measure the various electrical parameters of the 
sample, the flat surface was first polished with sand paper 
of various grades. Then various electrodes (as described 
earlier) were used. Various electrodes were tried for 
improving electrical contacts which play an important role 
in these types of measurements. The frequency was monitored 
and the corresponding electrical parameters were recorded. 
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CHAPTER - 3 


RESULTS AND DISCUSSIONS 


3.1 OXYGEN CONTENT DETERMINATION: 

Oxygen content of high T c superconducting YBa^Cu^O^g 
was calculated from the weight loss after each heat treatment. 
Eor this purpose, the following assumptions are made: 

(i) Mixing in the agate mortar is uniform, so that the 

loss of material due to transferring and handling 

does not affect the proportions of Y 2 0 3 , BaC0 3 and C«UD. 

(ii) None of the ingradients had absorbed water. This has 
been tested particularly for BaC0 3 which was suspected to 
contain absorbed water, by heating it at 150°C for 2 hrs. and 
then recording the weight loss. No measurable weight loss 
was observed. 

(iii) The material obtained after the heat treatment is a 

single phase, i.e. the oxygen content is same- or even 
if phases are different, atleast the oxygen content is 
same. Since this assumption in general is not true, the 
measured oxygen content may be taken as the average oxygen ; 

content of the sample,’ and not the true oxygen content of a I 

l 

| 

particular phase present in the sample. J 

1 

(iv) All the ingredients are stoichiometric, i.e. the cation j 
to anion ratio is in accordance with their chemical formulae! 



(v) All the carbon present in BaCC 3 was decomposed and 
released out in the form of a mixture of carbon monoxide and 
carbondioxide at the time of solid state reaction* 

Two types of heat treatment given to the samples 

are : 

(1) Solid state reaction# and 

(2) Sintering* 

3.1*1 Oxygen Content Determination after Solid State 
Reaction 

The synthesis of "123 M compound# viz* #YBa 2 Cu 3 0^., is 
assumed to proceed via the following solid state reaction: 

900°C ' 

Y° 3 / 2 + 2BaC0 3 + 3CuO * YBa 2 Cu 3 0 x + 2 (CO/CO^ 

where BaC0 3 is supposed to decompose into BaO and release 
carbon in the form of C0/C0 2 mixture. Thus some oxygen and the 
entire carbon of BaCO^ is released out#' and whatever remains 
in the platinum boat is YBa 2 Cu 3 0^. where x is to be deter- 
mined. To do this a known amount of material containing YC> 3 y 2 

BaC0 3 and CuO in the ratio of 1:2:3 moles respectively was tho; 

n 

oughly mixed and pelletized. This pellet was then kept in- a- smaj 

platinum boat whose empty mass was predetermined and the " 

combined weight of boat and pellet was taken. This boat and | 

o 

pellet assembly was then heated at 900 C- for 12 hours# . | 

followed by cooling and weighing. Let 



m i = initial mass of the pellet 

m^ = final mass of the pellet (i.e. after heat treatment) 
= molecular weight of the reactants (746 gms) 

W = stun of the atomic weights of 1Y # 2Ba and 3Cu 

= 1 + 2 W Ba + 3 w c u 

= 554 gms. 


Then the. oxygen content x in YBa 2 CUgO x is given by 


x 


!_ r w r m f 
16 L m ± 


- w ] 


The maximum possible error in the values of x listed 
in the. Table 3.2 can be calculated as below: 



W r fi m f + Wsm^ 

W mZ — m. W 

r £ i 


+ 


6m ± 



Usin# a typical value of x = 6*4, m. = 1.2 gm, m. - 1.4 gm, 

•*“ X 

6 m^ = fim^ = 0.005 gm (even though the actual accuracy 

of weight measurement was 0.0001 gm) . 

We get , 


6 x 
x 


0.00546 + 0.000357 


= 0.0058 
= ( 0.0058 )6.~4 

= 0.'04. 
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=> 6 x 



Details of the heat treatment during solid state 
reaction along with the corresponding oxygen contents 
are given in Table 3.1. Table 3*2 gives the break-up in 
terms of initial and -final weight of pellets and oxygen 
content. 


3*1.2 Oxygen Content Determination after Sintering 

During sintering YBa 2 Cu 2 p x , is expected to release 
some of its oxygen according to the following solid 
state reaction: 


YBa 2 Cu 3 O x , 


Sprin g. Y Ba-Cu-,0 + no,? 

940°C 2 3 X 2 * 


where the unknown quantities, n and x can be determined. 

Let and m^ be the initial and final masses of the pellet, 

W the sum of atomic weights of 1Y, 233a and 3Cu, i.e. 

W = 88.9 + 2 x 137.3 + 3 x 63.5 = 554 gm, and 

W q = 16, the atomic weight of oxygen, then the value of oxygen 

content x in the final product is given by 


x* m.e - 34.6 A m 


m. 


where ^ m = - m^ is the weight loss of the pellet during 

sintering. The calculated values of x from the above equation 
are listed in Table 3.4. The maximum possible error in the 
values of x listed in this table can be calculated as 



below: 


6 x 
x 


x'5 m f + 34.6 fi (^m) 

= [ + 

(x 1 - 34.6 A m) 





m. 

l 


■) 


Using typical values of x' = 6.4, m f ~ m j_ 21 1#2 9™/ 

6 m^ = 6 m^ = 0.'0005 gm (even though the actual accuracy 
of weight measurement was 0.0001 gm) , Am 0.02 and 
5 ( A m) = 6[ + mf ] = 6 + 6 m f = 0.001 gm, we get. 


£x = 0.00325 + ;0346 . - 0.0005 

x t 7.8 - 34. 6( 0.02)) 1.2 


0.0053 + 0.0004 


= 0.0057 

6 x = ( 0 . 0057 )x 

= 0.0365 

or 6 x = 0.04 . 

Details of sintering along with the corresponding 
final oxygen contents are given in Table 3.3. 


3.2 X-RAY DIFFRACTION ANALYSIS: 

The values of various peaks in the observed 

XRD pattern were calculated using the corresponding © 
values and the Bragg's law; 
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Table 3*3 : Details of Sintering with Corresponding Oxygen Content (x) in 
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Table 3.4 : Details of the Calculation of Oxygen Content (x) in YBa 2 Cu 3 0 after Sintering 
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X 

2 Sin e 


(1) 


d hkl “ 

interplanar distance 
Bragg's angle 

wavelength used (For Cu ;K = 1.5418 2) 

Each of the peaks was indexed for orthorhombic or tetra— 
gonal structure by comparing it with the reported values 
(29) • The lattice constants were calculated precisely 
by using Cohen's method. Xt was found that for any 
crystal, the most accurate value of the lattice parameter 
is found by plotting the value of the parameter for each 
reflection, against a particular function, which depends , 

on the kind of camera used, and extrapolating to a value at 
© = 90°. This procedure has two advantages: (i) systematic 

errors are eliminated by selection of the proper extrapolation 
function and (ii) random errors are reduced in proportion 
to the skill of the investigator in drawing the best straight 
line through the experimental points. Cohen proposed in 
effect, that the least-squares method be used to find the 
best straight line so that the random errors would be mini- ! 
raised in a reproducible and objective manner. We define: 

l 

I 

| 

I 

A.rl 2 I 

'■ "•■a = K Cos Q (2) 

hkl 

as the extrapolation function. j 


where 

d Hkt = 
© = 

X 


56 



(The factor 10 is introduced into the definitions of 
the quantities A and solely to make the coefficients 
of various terms in the normal equations of the same 
order of magnitude) . A is the Drift constant which is 
a measure of total, systematic error involved in the 
determination. 

The experimental values of Sin 2 ©, a , P , Y , and 6 
are now substituted into Eq. (4) for each higher (2© >40 ) 
order line used in the determination. This gives 
n (= number of lines considered) equations in the unknown 
constants A, B, C and D and these equations can be solved 
for the most probable values of A, B, C and D by the method 
of least squares: 


26 Sin 2 © 

ss 

A 2 6 2 +B 2a6 

+ C 2p6 

+ D Zy6 

2 

XJa Sin 9 

SS 

A 2a6 + B 2a 2 

+ C 2ap 

+ d 2 erf 

(5) 

2p Sin 2 © 

SS 

A 2f36 + B 2ap 

+ c sp 2 

+ D SPY 

2 

2Y Sin £ 

S 

A 26y + B 2oy 

+ C ZpY 

+ D 2Y 2 

Similarly 

written as: 

for tetragonal lattice, Eq. 

( 4 ) can be 

Sin 2 9 

S 

1 A 6 + B a + 

C p 

(6) 

where, 


2 „ 

A 2 

A 2 

A = D/10, 6 

SS 

10 Sin 29, B 

II 

li 

L> 


58 



a = h 2 + k 2 , p = i 2 ; 
The normalized equations are t 


26 

Sin 2 

© 

= A 26 s " 

+ B 2a6 

+ 

c 2(3a 

2a 

e. 2 

Sm 

© 

= A 2a6 

+ B 2 a 2 


c 2ap 

2(3 

Sin 2 

© 

to 

CO. 

w 

< 

II 

+ B Spa 

-f 

C 2p 2 


Details of 2 Q? Sin©, h, k,l, d obs , d ca]/ a,b,c 
for sample numbers 1 to 9 are gi^en in Tables 3.5 to 
3.13. The system of oxides studied are mostly multiphasic. 
They are generally a mixture of orthorhombic and tetragonal 
phases. Separation of these two phases is very difficult* 
because the peaks corresponding to these in the XRD pattern 
are located very close to each other. For example,' the 
peaks corresponding to orthorhombic sample #l,due to planes 
(013) and t (1 1 0), (103)! are at 32.47° and 32.67° 

respectively, and that of tetragonal sample #9 due to planes 
(0 13) and (110) are at 32.47° and 32.68° respectively. 
Thus it is very difficult to separate out the contribution 
due to orthogonal and tetragonal phases in the intermediate 
samples. Figure 3.4 shows how the peaks near 32.47° and 
32.67° change with oxygen deficiency 6 = 7-x where x is the 

oxygen content in YBa 2 Cu 3 0 x . It has been found for the 
orthorhombic phase , that the peak near 32.67° has higher 
intensity, while, for the tetragonal phase the peak near 
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32.47 has higher intensity. Therefore, the intensity ratio 
between the two peaks was calculated to estimate the relative 
amount of orthorhombic and tetragonal phases present in a 
sample. Intensities corresponding to each of the peaks 
were calculated by tracing the intensity peaks on a graph 
paper and thereby finding the area under the curve. The 
details are given in Table 3JL4.J 

Figure 3.5 shows the variation of the intensity 
ratio I 1 / I 2 oxygen deficiency 6 f of the sample. 
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Table 3,5 


Details of Lattice Parametter Calculation for 


— 

Y l Ba 2 Cu 3°x Wlth X = 6 * 37 


Sample # 1 

\> = 1*5418 A (Radiation used — CuKq) 


Line 

No* 


Sin© 


b k 1 Lattice Parameters Drift d" 


cal 

cons- 
tant A 
A 



2 Sin© 


(h 2 /a 2 + k 2 /b 2 + l 2 /c 2 )" 1/2 



Table 3.6 


5 Details of Lattice Parameter Calculation for 
withx = 6 » 36 

Sample # 2 

o 

X© (Cu KJ = 1.5418 A (Radiation used — CuK a ) 


Line 

No. 

2© 

Sin© 

^obs 

o 

h 

k 

1 

Lattice 

a 

Parameters Drift 
b c cons— 

^ca 




A 




o 

o 

o 

tant 

VJ 

A 








A 

A 

A 

A 


X • 

22.80 

0.198 

3.899 

0 

0 

3 





3.89 





■ 0 

1 

0 





3*86 

2. 

32.49 

0.280 

2.756 

0 

1 

3 





2.75 

3. 

32.73 

0.282 

2.736 

1 

1 

0 





2.72 





1 

0 

3 





2.72 

4. 

36.28 

0.312 

2.470 

1 

1 

2 





2.47 

5. 

38.60 

0.331 

2.332 

0 

1 

4 





2.33 





0 

0 

5 





2.33 

6* 

40.36 

0.344 

2.240 

1 

1 

3 




r- 

2.23 

7. 

46.60 

0.396 

1.949 

0 

0 

6 




tH 

CO 

1.94 





0 

2 

0 

LD 

CM 

N— < ' 

CO 

r- 

o 

1.94 

8. 

47.48 

0.405 

1.904 

2 

0 

0 


C\ 

00 

o 

1.91 

9. 

51.48 

0.434 

1.775 

1 

1 

5 

04 

00 

CO 

00 

r- 

VO 

o 

o 

1*77 

10. 

52.60 

0.443 

1.740 

0 

1 

6 

• 

CO 

• 

CO 

• 

tH 

♦ 

o 

1.74 





1 

0 

6 

tH 

I 

1.73 

11. 

53.36 

0.449 

1.717 

1 

2 

1 





1.71 





2 

1 

0 





1.71 

12. 

58.24 

0.487 

1.584 

1 

2 

3 





1.56 





1 

1 

6 





1.56 

13. 

58.72 

0.490 

1.572 

2 

1 

3 





1.57 

14. 

68.12 

0.560 

1.377 

0 

2 

6 





1.37 

15. 

68.76 

0.565 

1.365 

2 

2 

0 





1.36 





2 

0 

6 





1.36 

“ s 
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'able 3.7 s Details of Lattice Parameter Calculation for 
Y l Ba 2 Cu 3 0 x with x = 6,34 

Sample # 3 

K a ) = 1.5418 & (Radiation used — CuK a ) 


ie 29 


Sin© 

d 

obs 

h b 1 Lattice parameters 

Vs A't 

Drift cal 


o 

d 

XJ 

cons- o 


A 

o 

o o 

tant A 



A 

A A 

A 


22.84 

0.198 

3.893 

0 

0 

3 




0 

1 

0 

27.88 

0.241 

3.200 

0 

1 

2 




1 

0 

2 

29.20 

0.252 

3.058 




32.50 

0.280 

2.755 

0 

1 

3 

32.72 

0.282 

2.737 

1 

1 

0 




1 

0 

3 

36.36 

0.312 

2.471 

1 

1 

2 

38.56 

0.330 

2.335 

0 

1 

4 




0 

0 

5 

40.44 

0.346 

2.230 

1 

1 

3 

46.48 

0.396 

1.946 

0 

0 

6 




0 

2 

0 

47.56 

0.403 

1.912 

2 

0 

0 

51.28 

0.433 

1.782 

1 

1 

5 

52.72 

0.444 

1.736 

0 

1 

6 




1 

0 

6 

58.28 

0.487 

1.573 

1 

2 

3 




1 

1 

6 

58.68 

0.490 

1.573 

2 

1 

3 

62.84 

0.521 

1.479 

2 

1 

4 




2 

0 

5 

68.16 

0.560 

1.376 

0 

2 

6 

68.76 

0.565 

1.365 

2 

2 

0 




2 

0 

6 


3.902 

3.901 

3.246 

3.207 


o 



LD 



CO 

oa 


o 


tH 

m 

o 


o 

CO 

o\ 

o 

o 

♦ 

• 

!> 

o 

CO 

CO 

o 

• 



rH 

o 



rH 

l 


2.759 

2.734 

2.735 
2.477 
2.341 
2.341 
2.239 
1.951 
1.950 
1.917 
1.778 
1.745 
1.738 
1.588 
1.588 
1.574 
1.483 
1.483 
1.379 
1.367 
1.367 


& 


.j]_e 3.8 : Details of Lattice Parameter Calculation for 


Y 1 Ba 2 Cu 3 O x with X = 6.31 


Sample #4 Q 

X q (Cu K a ) = 1.5418 A (Radiation used - CuK^ 


28.80 


27.48 
27.80 

32.48 
32.68 


36.36 

38.32 


Sin© 


h k 1 Lattice Parameter 
a b c 


0.198 


3.900 


0.236 

0.240 

0.289 

0.281 


3.245 

3.209 

2.756 

2.740 


0.312 

0.328 


2.470 

2.349 


0 10 
0 0 3 
0 12 
10 2 
0 13 
110 
10 3 
112 
0 14 
0 0 5 


40.28 

45.80 

46.64 

0.344 

0.389 

0.396 

2.238 

1.981 

1.947 

113 

114 

0 2 0 

0 0 6 

47.28 

51.40 

52.60 

0.401 

0.434 

0.443 

1.922 

1.778 

1.730 

2 0 0 
115 

0 16 
10 6 

58.16 

0.486 

1.586 

12 3 
116 

58.68 

62.16 

62.72 

0.490 

0.516 

0.520 

1.573 

1.493 

1.4813 

2 13 
0 2 5 
2 14 
2 0 5 

65.52 

68.16 

68.76 

0.541 

0.560 

0.564 

1.424 

1.375 

1.365 

117 
0 2 6 
2 2 0 
2 0 6 


Drift 

cons- 

tant 


3.883 

3.887 

3.232 

3.197 

2.747 

2.725 

2. .72 8 

2.468 

2.331 

2.332 
2.231 
1.990 
1.941 
1.943 
1.912 
1.772 
1.738 
1.732 

1.581 

1.582 
1.569 
1.492 
1.478 
1.478 
1.421 
1.374 
1.362 
1.362 
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Table 3.9 


• details of Lattice Parameter Calculation for 
Y 1 Ba2Cu20^ with x = 6.05 

Sample # 5 

^ Cu = ^*5418 £ (Radiation used — CuF^ ) 


Line 

No. 


2© Sin© 


obs 

6 

A 


hkl 


Lattice Parameters Drift 
a b c cons- 

tant 


o 

A 


o 

A 


o 

A • 


ca] 

o 

A 


1. 

32.50 

0.280 

2.755 

0 

1 

3 





2.75- 

2. 

32.73 

0.282 

2.737 

1 

1 

0 





2.73i 





1 

0 

3 





2.73- 

3. 

35.64 

0.306 

2.519 








2.33' 

4. 

38.36 

0.329 

2.347 

0 

1 

4 









0 

0 

5 





2.33 

5. 

40.32 

0.345 

2.237 

1 

1 

3 





2 .23 

6 . 

46.72 

0.397 

1.942 

0 

0 

6 




VO 

CO 

1.94 





0 

2 

0 

CM 

in 


1.94 

7. 

47.44 

0.402 

1.916 

2 

0 

0 

VO 

tH 

VO 

t> 

o 

1.92 

8. 

51.40 

0.434 

1.778 

1 

1 

5 


G\ 

CO 

o 

1.77 

9. 

58.28 

0.487 

1.584 

1 

2 

3 

00 

• 

00 

♦ 

VO 

« 

o 

o 

1.58 





1 

1 

6 

CO 

CO 

rH 

tH 

o 

1 

1.58 

10. 

58.64 

0.490 

1.574 

2 

1 

3 




1 .57 

11. 

62.40 

0.518 

1.488 

1 

2 

4 





1.49 

12. 

62.64 

0.520 

1.483 

2 

1 

4 





1.48 





2 

0 

5 





1.48 

13. 

68.68 

0.564 

1.367 

2 

2 

0 





1.36 





2 

0 

6 





1.36 
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rable 3.10 


Details of Lattice Parameter Calculation for 
Y l Ba 2 Cu 3°x w ^‘^ 1 x = 6.03 


Sample #6 

^ Q (Cu K a ) = 1.5418 2 (Radiation used — CuK a ) 


Line 

No. 

2© 

Sin© 

d , 
obs 

o 

A 

h 

k 

1 Lattice Parameter Drift 

a b c cons- 

. _ _ tant 

o o o 

AAA- A 

^cal 

o 

A 

1 . 

22.80 

0.198 

3.900 

0 

0 

3 





3.886 



. 


0 

1 

0 





3.887 

2. 

27.80 

0.240 

3.209 

1 

0 

2 





3.201 





0 

1 

2 





3.234 

3. 

29.28 

0.252 

3.058 









4. 

32.53 

0.280 

2.752 

0 

1 

3 





2.748 

5. 

32.73 

0.282 

2.736 

1 

1 

0 





2.728 





1 

0 

3 





2.728 

6. 

38.56 

0.331 

2.339 

0 

1 

4 





2.332 





0 

0 

5 





2.332 

7*. 

40.32 

0.345 

2.237 

1 

1 

3 





2.333 

8. 

45.56 

0.388 

1.991 




ro 

o 

ro 

O 


9. 

46.68 

0.3-96 


0 

0 

6 

o 

r- 

o\ 

tH 

o 

1.943 





0 

2 

0 

ro 

CO 

in 

o 

1.944 

10. 

47.56 

0.403 

1.913 

2 

0 

0 

CO 

• 

CO 

• 

ID 

• 

o 

• 

1.915 

11. 

51.44 

0.434 

1.776 

1 

1 

5 

ro 

ro 

tHI 

tH 

o 

1.773 

12. 

52.60 

0.443 

1.740 

0 

1 

6 





1.733 





1 

0 

6 





1.738 

13. 

53.24 

0.441 

1.730 

1 

2 

1 





1.714 





2 

1 

0 





1.718 

14. 

58.24 

0.487 

1.584 

1 

2 

3 





1.583 





1 

1 

6 





1.583 

15. 

58.64 

0.490 

1.574 

2 

1 

3 





1.571 

16. 

62.60 

0.520 

1.484 

2 

1 

4 





1.480 





2 

0 

5 





1.480 

17. 

68.16 

0.560 

1.376 

0 

2 

6 





1.374 

18. 

68.76 

0.565 

1.365 

2 

2 

0 





1.364 





2 

0 

6 





1.364 
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Table 3*11 t Details of Lattice Parameter Calculation for 
Y^Ba 2 Cu 2 C> x with x = 5*82 

Sample # 7 

(Cu K a ) = 1*5418 & (Radiation used — CuK a ) 
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Table 3*12 


: Details of Lattice Parameter Calculation for 
Y^Ba 2 CUgO jc with x = 5.68 

Sample # 8 

(Cu K a ) = 1.5418 % (Radiation used - CuK a ) 


Line 2 6 

No. 


SinS 


d . 
obs 

o 

A 


h k 1 Lattice ParametersDrift 
a c cons- 

tant 

° ° A 

A A 


d t 

cal 

o 

A 


1. 

22.44 

0.196 

3.962 

0 

0 

0 

1 

3 

0 




3.926 

3.884 

2. 

27.36 

0.237 

3.260 

0 

1 

2 




3.242 

3. 

29.76 

0.257 

3.000 








4. 

30.28 

0.261 

2.952 







O OA A 

5. 

30.48 

0.263 

2.933 

0 

0 

4 




Z # b/ 4r 

6. 

32.48 

0.260 

2.757 

1 

1 

3 




Z « / O _L 

7. 

8. 

32.72 

38.32 

0.281 

0.328 

2.737 

2.349 

1 

0 

1 

0 

0 

5 




Z « / ~r O 

2.355 

9. 

10. 

38.44 

40.20 

0.329 

0.341 

2.342 

2.243 

0 

1 

1 

1 

4 

3 

O 

CNJ 

CO 

w 

Z <*, O fr O 

2.251 

11. 

12. 

45.52 

45.56 

0.346 

0.387 

2.276 

1.991 

1 

1 

4 

CO 

CO 

r- 

CO 

o 

o 

2.008 
1 Qfi9 

13. 

46.28 

0.393 

1.962 

0 

0 

6 

• 

ro 

i> 

« 

o 

• 

1.942 

14. 

46.96 

0.398 

1.935 

0 

2 

0 

tH 

tH 

o 

1*788 

15. 

51.24 

0.432 

1.783 

1 

1 

5. 




1*597 

16. 

57.96 

0.485 

1.594 

1 

1 

6 




1 *588 

17. 

58.98 

0.487 

1.583 

1 

2 

3 




1 .498 

18. 

62.16 

0.516 

1.493 

0 

1 

2 

2 

5 

4 




1.496 

19 . 

68.20 

0.561 

1.375 

0 

2 

6 




1 o.3 80 
1.3 73 

20. 

68.64 

0.564 

1.367 

2 

2 

0 









Table 3.13 


: Details of Lattice Parameter Calculation for 
Y 1 Ba 2 Cu 3 0 x with x = 5.67 

Sample # 9 

(Cu K a ) - 1.5418 £ (Radiation used - CuK a ) 


,ine 

to. 


2 © 


Sin© 


obs 

o 

A 


h k 1 Lattice Parameters Drift 

cons- 

a c tant 

o o A 

A A 


d cal 

o 

A 


* 

22.64 

0.196 

3.927 

0 

0 

3 




>. 

23.00 

0.199 

3.887 

0 

1 

0 




i. 

27.68 

0.239 

3.223 

0 

1 

2 




L. 

32.47 

0.280 

2.757 

0 

1 

3 




>. 

32.68 

0.281 

2.740 

1 

1 

0 




a 

38.28 

0.328 

2.351 

0 

0 

5 





38.36 

0.329 

2.347 

0 

1 

4 




3. 

40.28 

0.344 

2.239 

1 

1 

3 




3. 

45.32 

0.385 

2.000 

1 

1 

4 

10 

VO 


L0. 

46 .32 

0.393 

1.960 

0 

0 

6 

V-' 


CM 

O 

LI. 

47.24 

0.401 

1.924 

0 

2 

0 

V£> 

r- 

L 

rH 

o 


. 51.28 

0.433 

1.782 

1 

1 

5 

CD 

• 

CO 

• 

o 

• 


54.60 

0.457 

1.68 




CO 

T-t 

o 


57.88 

0.484 

1.593 

1 

1 

6 


r-4 



58.44 

0.488 

1.579 

1 

2 

3 





60.00 

0.500 

1.542 

0 

1 

7 





62.40 

0.518 

1.488 

0 

2 

5 








1 

2 

4 





65.20 

0.539 

1.431 

1 

1 

7 




19. 

68.24 

0.561 

1.375 

0 

2 

6 




20 

68.68 

0.564 

1.367 

2 

2 

0 





3.939 

3.877 

3.241 

2.768 

2.741 

2.364 

2.345 

2 . 

2.009 

1.970 

1.938 

1.790 

1.600 

1.590 

1.548 

1.491 

1.495 

1.438 

1.382 

1.371 
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2 0 IN DEGREES 


INTENSITY INTENSITY 



INTENSITY 



Sample * 4 5 6 s 0* 69 







20 IN DEGREES 



Samplts7>6 =M8 








Table 3,14 i Details of Intensity Calculation 


Sample 

No, 

Oxygen 

content 

(X) 

* 

Intensity near 

2© = 32.670 

1^ in terms of 

area (cm 2 ) 

4* 

Intensity 
near 2 ©=32.47 

1 ~ in terms of 

^ 2 
area (cm ) 

Intensity 

ratio 

1. 

6.37 

33.50 

17.52 

1.9121 

2. 

6.36 

31.04 

18.75 

1.6550 

3. 

6.34 

...24.64 

15.40 

.. 1.6000 

• 4. 

6.31 

28.25 

15.16 

1.8630 

5. 

6.05 

24.52 

15.40 

1.5900 

6. 

6.03 

21.50 

15.32 

1.4033 

7. 

5.82 

28.70 

32.60 

0.8804 

8. 

5.68 

9.26 

19.42 

0.5889 

9. 

5.67 

16.00 

25.80 

0.4770 


* Corresponds to (110), (103) for orthorhombic or (110) for tetra- 
gonal phase. 


+ Corresponds to (013) for both orthorhombic and tetragonal 
phase . 


3.3 DETERMINATION OF RESISTIVITY 


The resistivity was measured by the standard four 
probe technique wherein probes were arranged in a square 
array( 3 l).The voltage-current relations for a rectangular 
piece of isotropic material of dimensions 1 ^, 1 2 and l^oivk. 
resistivity P } with small electrodes at four comers of 
the 1^ 1 2 face, have been calculated by Logan et. al. (32-) 
and can be expressed as: 

P = HER 1 

where H is a function of l 2 /\^ aS s ^ own Eigs.3(-5) and 

Table 3. IB, E is an effective thickness which is equal 

1/2 

to the actual thickness 1 3 when 1 ^ << ( 1 ^ 1 2 ) , but 

1 /2 

never gets much greater than ( 1 ^ I 2 ) • In normalized 

1 /“) 1/2 

form E/d-j. I 2 ) 7 depends mainly on ^/(l^ 1 2 ) and 

is nearly independent of 1 2 / 1 ± over much of its useful 

range as shown in Fig. 3.6 5 R^ is the ratio (V^/I^) or 

the voltage across the two contacts on an 1 ^ edge to 

the current between the other two opposite contacts, 

as depicted in Fig. 3.5 . 

For our case the pellets are assumed to be squares, 
where the electrode spacing fixes the dimension of the 
square. The thickness of the pellets lies between 0.24 cm 
Q4\d. 0.30 cm. The probe spacing is 0.5 cm, so we can take 
the thickness of the sample as the effective thickness E 
of the sample. 



E /U,-V 


L-V-J 


table 3^15": £e\jzcA,o~ck v<xiu.es of 
fosrcJ^o^ H of 


klk 0.25 0.5 0.6667 1.0 1.5 2.0 . 4.0 

H 0.320 T 0.8911 1.562 4.531 21.86 105.1 56 300.0 


p sHEV/I 



U/h 


fi.rfju.-f-e 


3.5 Function H relating *? to sample dimensions 



^ 3 /( Xj £ 2 ) 


3.6 Normalized Effective Thickness V$. 

j4orm a Lt z£.t> Sample Thickness f<sR * various 

£.at2<os <jF sample mmemswns. 




Since the array in our experiments was in the form 
of a square, l-j/^ = 1 and H = 4.531* The values of 

thickness E, resistance R^, the oxygen content (x) and 
the resistivity P of various samples of YBa 2 CUgO x are 
given in Table 3.16. 

Figure (3*7 ) shows the variation of In P vs . 
oxygen content. Table 3.17(a) gives details of resistivity 
and the intensity ratio. Fig.3.Q shows the variation 
of In P as a function of the intensity ratio 1 ^/ 1 ? 
for YBa 2 CUg 0 x samples.' 

3.4 MEASUREMENT OF RESISTANCE FROM LIQUID NITROGEN 
TEMPERATURE TO ROOM TEMPERATURE 

The resistance for each sample was measured with 
the help of standard four-terminal technique, as described 
earlier in Chapter 2. The values of resistance at 
different temperatures were calculated from the measured 
value of voltage and current. The calculated resistance 
was then normalized with respect to the room temperature 
resistance (R rt ) * The relation between the resis- 

tivity P and the resistance R of a certain material is 

given by: 

P = GR 

where, G is the geometrical factor. Therefore, the 
room temperature resistivity P RT and that at any temper- 
ature P (T) could be written as: 

P fc T ) = G (R <RT) 
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Table 3.17(a) 


s Details of Resistivity and Intensity 
Ratio 


Sample 

No. 

Resistivity 
(Ohm- cm} 

In P 

Intensity 

Ratio 

V X 2 

1. 

9.97 

: xio“ 4 

-6.91 

1.91 

2. 

2.88 

xlO" 3 

-5.8 

1.66 

3. 

4.65 

ro 

1 

O 

M 

-5.37 

1.60 

4. 

1.96 

xlO -3 

-6.23* 

1.86 

5. 

5.41 

xlO~ 3 

-5.21 

1.59 

6. 

2.11 

x!0“ 2 

-2 

-3.85' 

1.40 

7. 

5.55 

xlO 

-2.89'' 

0.88 

8. 

3.18 


1.16. 

0.59 

9. 

3.47 


1.24 . ' 

0.48 
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and 


P (T> = GR (T> 

or 

P (t) _ R (t) 

^ (rt) r (rt) 

Thus the normalized resistivity is same as the normalized 
resistance, and hence if we know P RT and the normalized 
resistance at a certain temperature, we can find out 
resistivity P at that temperature. 

Figures 3.9 to 3.17 give the variations of 

normalized resistance as a function of temperature. 

Table 3.17(b) gives the details of oxygen content and the 

critical temperature (T ) of various superconducting 

samples YBa 2 Cu 3 0 x . It may be pointed out that the T c of 

sample numbers 6 to 8 with lower 0 2 -content could not 

be measured because of experimental limitations, only 

T ' s above 87K were accessible, 
c 

3.5 DIELECTRIC CONSTANT MEASUREMENT: 

Testardi et al. ( 30 ) reported that the quenched 
(tetragonal) phase of YjBa^O^ exhibits a static 
dielectric constant of ~30 at 4.3K and as high as ~ 700 
at room temperature (290K) , which is comparable only with 
those of f erroel ectrics . They hate measured the dielectric 
constant by measuring the capacitance from two terminal 
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Table 3.17(b) : The Oxygen Content (x) and Critical 

Temperature (T c ) ©f Various - Super- 
conducting Samples of YBa2Cu 2 0 


Sample No. 'Oxygen Content Critical Temperature T c 

(x) C°K) 


1. 

6.37 

98.86 

2. 

6.36 

94.74 

3. 

6.34 

91.82 

4. 

6.31 

97.40 

5. 

6.05 

87.94 

6. 

6.03 

87.00 

7. 

5.82 

— 

8. 

5.68 

— 

9. 

5.67 

" I,J " 

Note: 

The T 's for Samples No. 6 to 
c 

attire that could be achieved 

9 were below the temper- 

inside the cryostate 


using LN 2 as coolant. 


© 


Si 



admittance measurements (using four terminal coaxial 
lead techniques) from 4»3K to 300K* These unusually 
large values of dielectric constant prompted us to 
reexamine the dielectric constant of the quenched 
tetragonal phase of YBa 9 Cu 9 0 # 

Z o X 

The technique used by us is same as described 
els ewhe re (33). The dielectric constant K was obtained 
from capacitance, using the relation: 


= 0.0885 x 


KA 

d 


where, C is the capacitance in picofarads (pf ) , K 
is the dielectric constant, A is the sample area (in 
cm ) and d is the distance (in cm) between the plates 
assuming that the total plate-to-plate distance is 
filled by the dielectric material. The dielectric 
constant K is obtained as 

K = JA 

K Ax 0.0885 

= 11.2994 x (J) x C. 


It was found that the capacitance and hence the 
dielectric constant K depends strongly on the contact 
resistance. Some of the results have been summarized in 

Table 3.18. 

9 * 



It was observed that the capacitance and hence 
the dielectric constant is a strong function of contact 
resistance. The resistance of the sample lies between 
0,1 to 10 , whereas the two electrode measurement shows 
a resistance that lies in the range of 100 to 30K0 . 

This suggests that the contact resistance is much larger 
than the sample resistance. We have found that lower 
the contact resistance, the better is the contact and 
hence higher is the dielectric constant. For higher 
contact resistance, the contact is bad and hence lower 
is the dielectric constant. 

Dielectric constant also varies strongly with 
frequency. A typical result is given in Table 3.19. 
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Table 3 *19 


Variation of Dielectric Constant with Frequency 
Temperature = 30°C 

Signal Level = lv 

Electrode used = Gold deposited backed-up by platinum foil 

electrode sandwitched between stainless 
, , steel electrodes 

Thickness of _ ? 

sample “ °* 18 cm ? sample area = 1.035 cm 


Frequency 

(KHz) 

Capacitance 

(nF) 

Resistance 

(Ohm) 

Dielectric 

constant 

K 

in 

• 

o 

15.46 

4725 

30381 

i 

13.87 

4147 

27256 

10 

9.734 

678 

19128 

20 

8.490 

375 

16684 

50 

6.968 

165 

13693 

100 

5.991 

91 

11773 

800 

4.741 

38 

9316 

500 

4.253 

27 

8357 

1000 

3.659 

18 

7191 

ffOOO 

-1.3216 

9 

-2597 

lOOOO 

-0.5602 

7 

-1101 
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3.6 DISCUSSION 


3.6.1 Resistivity and XRD Analysis: 

The summary of resistivity at room temperature, 
oxygen content, lattice parameter, and intensity ratio 
with their corresponding critical temperatures has been 
given in Table 3.20. 

Figure (3-ie) shows the plot of oxygen deficiency 
(6) as a function of intensity ratio. In general one 
observes that intensity ratio decreases with increasing 
oxygen deficiency. , This means that the amount of the 
orthorhombic phase decreases and that of the tetragonal 
phase increases withAoxygen content (x) or increasing 
oxygen deficiency $ ) . Only Sample #4 .has shown some 
ambiguity, namely, even though its oxygen content (x) as 
determined by weight measurement is lower than those of 
samples #2 and # 3, its intensity ratio as determined by 
XRD is higher than those of samples #2 and #3. The two 
results thus are self contradictory; the oxygen content 
determination suggests a lower value of oxygen content 
and hence smaller concentration of superconducting ortho 
phase in sample #4 than those in sample #2 and #3j while the 
intensity ratio suggests otherwise. This issue can be 
resolved to an extent by the resistivity (P) and critical 
temperature (tJa. In general P decreases and T c increases 
with^je&^tent (x) ,' see Figs. 3.9 to Figs. 3.17 • it is 

evident from Fig. 3. 7 that the sample #4 has a lower p 
than samples #2 and #3 suggesting that former has higher 
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orthorhombic phase and hence possibly high oxygen content 
than samples § 2 and #3. These results suggest that the 
intensity ratio determination is a better way of determi- 
ning the relative concentrations of ortho and tetra phases 
even though the weight measurement has yielded consistent 
results except in one case, i.e. sample #4. 

Figures 3.9 to 3.17 show the normalised 
resistance as a function of temperature for- YBaCu^O^ samples 
containing different amounts of oxygen. The behaviour is 
metallic for orthorhombic phase and semiconductor like 
for tetragonal phase. For samples #1 and #4 (Figs. 3 . 9 
and 3.12 ) which have higher orthorhombic phase, the norma- 

lized resistance (hence normalized resistivity) decreases 
with decreasing temperature. For sample #2 the resistance 
decreases, but the rate of decrease is slower than that of 
samples #1 and #4. There is a gradual switch-over towards 
mixed behaviour as evident from the results for sample #3 
(Fig. 3. U )t there is a decrease in resistivity and just 
before T c , there is a slight increase once more just before 
dropping to zero. For sample #6 and #7, : initially the 
semiconducting behaviour is seen, before showing a possible 
transition at lower temperatures (below our experimental 
limits). Sample #8 and #9 show purely semiconducting 
behaviour (Figs. 3. 16 and 3.17 )• 


lot 



From the plot pf lattice constant c vs. oxygen 
deficiency (Fig. 3*20) and intensity ratio (Fig. 3. 22 ), 
one also observes that there is an elongation of c axis 
with decreasing oxygen content. Figure (3* *9 ) and 

figure (3*22.) show that the lattice constants a#b approach 
each other and finally coincide as the dominant phase in 
the sample turns from orthorhombic to tetragonal phase. 


3.6.2 Dielectric Measurements: 

It has been found that the capacitance and hence 
the dielectric constant is inversely related with contact 
resistance. This behaviour can be explained by considering 
a material of dielectric constant K between two parallel 
plates as shown in the following figure. 



Figure 3* 


Let us assume that the resistivity and hence the 
resistance of the material is low (~ few Ohms) so that the 
contact resistance is usually ^rders of magnitude higher than 
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the bulk sample resistance. In the event of poor contact"/ 
there must be some air gap between the sample and the 
electrode. The upper layer of the sample will act as an elect 
rode. Equivalently, we can think of the sample/electrode 
assembly to consist of three capacitances in series. The 
equivalent capacitance being given by 


or 



c 


C C ,4 

s o 

2c_+c 
s o 




where c Q and c s respectively are capacitances due to air 
gaps and sample. If is the true dielectric constant 

of the material and the measured dielectric constant, 

then 

K ef f ^ K tr f x A/ (a ~ b } /2 

a 2 x A A>j K tr + A/((a-b)/2) 

1 

K eff //a = 2K x [ K ( a -b) +""b""" ^ 

tr 


K 


"ef f 


[ (1 - b/a) + (-i- ) (b/a) 1 


tr 


Now, for good contacts the air gap (a-b) is negligible, [ 

f 

i.e., a-b = 0 or b/a ~ 1 and hence K eff ~ K tr « Whereas, ; 

for bad contacts the air gap (a-b) is finite and its magnitude' 

I 

r 

[ 


no 



increases as the contact gets worse, or b/a becomes incre- 
asingly smaller than 1 as the contact gets worse and hence 


K eff becomes increasing lower than the Take for example 

a material with = 100, and three different situations, 

(as the contact worsens) characterized by b/a = 0.99, 0.98 
and 0.95 (b/a = 1 means perfect contact and K e ^ = • 

The above equation yields K e ^ = 50, 33 and 16.8 respect- 

ively. Thus we find that even an allowance of 1% air gap is 
capable of decreasing the dielectric constant by 50% (from 
100 to 50) . 

It is worth pointing out here that this contact 
problem would not pose a great threat when the material 
under investigation is a true dielectric, i.e. more like 
an insulator, say for example, teflon with a dielectric 
constant, K tr =5. An air gap of 1% corresponding to 
b/a = 0.99 would yield 


(1 - 0.99) + 


= 4.8 


0.01 + 0.198 


which is only 4% off from the true value of dielectric const ani 

5. | 

An all out effort was made to measure the dielectric 

constant of the tetragonal phase, but the reliability and ; 

reproductibility of the data became a suspect. However, these; 
measurements have clearly brought out the reasons for poor | 


m 



reproductible. ity and suggest the kind of care that has to 
be exercised for reliable measurements. Finally# our results 
put a big question mark over the reliability of the reported 
dielectric data (30) . 

Table 3.19 further reveals that at higher frequencies 

(> 5 MHz) a negative value of capacitance and hence K is 

eff 

observed. Furthermore/ whenever the contact is better# 
the capacitance becomes negative even at a lower frequency. 

This phenomenon is observed because the HP4192A 
impedance analyser treats the sample as a ’black box'. It 
measures impedance Z and phase factor 9 at various frequencies 
From Z and © the equipment internally determines the real and 
imaginary parts of the impedance for a particular mode viz.# 
a parallel R and C combination# and gives them as resistance 
R and reactance X respectively# i.e.# 


Z Cos© + j Z Sin© = R + jX. 

From X it calculates the capacitance C and the inductance L# 

i.e.# 

C = - 1/UK or L = X/ u . 

Actually/ 

X = u L q - 1/ o C Q # 

where # C Q is the actual capacitance and L q is the inductance 
(lead inductance etc.) in the circuit. 



When C Q is high, X becomes positive and hence 
is displayed^! negative va lue Qf capacitance _ Slmilarly 

for high values of frequency (u>, x becomes positive 
(since u = 2,£) and once again negative capacitance 


is observed 



CONCLUSION 


Our experimental results on weight loss measure- 
mentSj XRD# electrical resistivity/ critical temperature 
T c *mI dielectric constant# & their subsequent analysis 
lead us to the following conclusions: 

(1) The oxygen content and hence the relative amounts 
of ortho and tetragonal phases in YBa 2 Cu 3 0 x could 
be controlled by the oxygen concentration in the 
atmosphere and by monitoring the cooling rate. 

(2) The relative concentration of superconducting 
ortho phase decreases and that of the tetragonal 
phase increases with decreasing oxygen content. 

(3) The intensity ratio as determined by the XRD is a 
better method for determining the relative concen- 
trations of ortho and tetragonal phases though 
weight loss measurement can also be used. 

(4) The behaviour of orthorhombic phase is metal - like 

whereas that of tetragonal phase is semiconductor- 
like. The resistivity of the orthorhombic phase is | 
closer to those of poor metallic conductors or even : 

semi metals - ^ 10” 4 to icf^cm), and on the other j 

hand# that of tetragonal phase is mere like a conducting 
semiconductor ( ^iQcm) • . 



(5) 


The critical temperature T,,* is proportional 
to the amoun-t of orthorhombic phase present 
in the sample. Higher the amount of orthor- 
hombic phase # higher is the T . 

c 

There is an elongation along C-axis of the 
lattice, as the oxygen content decreases. 

Our results suggest a rather new technique for 
making superconducting samples with higher oxygen 
content, without passing oxygen. For details see 
the preparation technique for samples #2 and #4 
described in Chapter 3 • Sample #4 shows all 
the features which are similar to sample #1, prepare< 
by normal technique of passing oxygen* ; 

(8) The dielectric constant of tetragonal YBa2Cu 3 0 x 

reported by Testardi et al.' (30 ) is probably 
unreliable. Moreover our experiments point out 
that for conducting samples the dielectric constant 

| 

measurements could be very difficult owing to large ; 

l 

contact resistance compared to actual samole resis- ; 

! 

tance. For reliable data the contacts must be very : 
good. This can be checked by comparing the resis- I 
tance with the actual (four probe) resistance.' i 

Also the lead inductance must be kept to a minimum 
otherwise the measurements at high frequencies will 

not be possible o I 
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